Obstructive lesions of the main left coronary artery (LCA) were demonstrated angiographically in 73 patients, comprising 4.3% of the total population referred to us for diagnostic evaluation of chest pain. Although there were no specific historical or clinical features which could absolutely distinguish this subgroup from the larger population of coronary artery disease patients, 81% (34/42) of the double Master's exercise tests, in which the patient achieved a heart rate of at least 110 beats/min, demonstrated 2 2 mm R-ST segmental depression. Of the total group of 73, 32 were evaluated during the six-year period from 1964 to 1971 and a preliminary report made in 1972. The diagnosis in the remaining 41 patients was established in the 2½/2 year period from 1971 to 1973.
potentially catastrophic consequence of such a lesion, this previously reported group and 41 additional cases of LCA obstruction have been analyzed and followed. This report records and extends our original experience and emphasizes the importance of diagnosis and the benefits of specific therapy.
Methods Patient Selection
As reported previously,' 32 of the approximately 1200 patients evaluated with coronary arteriography for chest pain syndrome, congestive heart failure, or cardiogenic shock from January 1964 to May 1971 had at least 50% narrowing of the main LCA. All angiograms had been analyzed previously by one of the authors (R.G.). The 1200 reports of coronary anatomy were then reviewed and the angiograms of patients with suspected or definite abnormalities of the main LCA were then reanalyzed. Of this group, 32 patients were considered to have LCA disease.
From May 1971 to November 1973 approximately 500 patients had coronary angiography. All angiograms were analyzed prospectively by both authors. Forty-one of these patients also had significant obstruction of this vessel. These 73 patients comprise the patient population of this report. 275 
COHEN, GORLIN Clinical Data
Hospital records of all patients were examined with respect to symptoms, physical examination, and laboratory data. All electrocardiograms and results of standard double Master's twZo-step tests were reviewed. An exercise test was considered negative only if there were no diagnostic R-ST segmental shifts in the presence of a postexercise heart rate of at least 110 beats/min.'4 Positive tests were those in which horizontal or downward sloping R-ST segmental depression of at least 0.5 mm occurred at any postexercise heart rate or time interval, Catheterization and Angiographic Procedures All patients had had right and retrograde left heart catheterization including left ventriculography and cor-onary arteriography. All hemodynamic and angiographic data were re-evaluated. Whereas only eight of the original 32 patients had had coronary arteriography using preformed Judkins catheters, the transfemoral approach was employed in all but two of the more recent consecutive series of 41 cases. Intentionallv subselective injections of radiographic contrast material were made in the majority of the latter patients. If additional anatomic detail was necessary, the catheter was carefully eased into the left coronary ostium and only one or two injections made. The cardiac surgical staff was always notified prior to study of a patient suspected of having a main LCA lesion. The remaining two patients were studied with the Sones technique. The vessel was always filmed in at least two projections, and only patients with at least a 50% narrowing of the main LCA were accepted for inclusion in 
Results
Clinical I)ata (table 1) There were 61 males vith an average age of 53.6 ± 1.1 (sv:'x)ears (range, 32-75) and 12 females with an average age of 46.7 ± 2.3 vears (range 32-62). As noted in ouir previous report' and those of others,2 4, R there wxre rno historical or physical finclings or laboratorx aIn)ormalities wvhich were more prevalent in these patients'6 '8 or which distinguished this subgroup unequivocallx from those wxith other coronarv artery lesions. Ninety-three percent (68 of 7i3) of these patients presented with angina pectoris. REST Of the remaining five xithout chest pain, fouir had recurrenit congestixve heart failure and one had postinfarcti()n stoek. Although clyspnea accompanyvirg the angina pectoris appeared to be a prominent symptom in some patients, its frequency (33% ) was not significantly greater than that in the larger groutp of patients xith coronarv artery disease referred to our laboratory (28% ).
Electrocardiogram
The resting electrocar ( 277 ventricular premature beats, there were no serious arrhythmias. Anginal symptoms were always relieved by either cessation of the exercise or administration of sublingual nitroglycerin. Of the seven tests that were not positive, six were uninterpretable because of the inability of the patients to sustain exercise long enough to reach the critical heart rate of 110 beats/min14 because of fatigue or unwillingness to cooperate. Therefore, only one exercise test was truly negative: that of a 57-year-old male with a 70% narrowing of his main LCA and a critical stenosis of his left anterior descending coronary artery. Thus, 81% (34 of 42) of the interpretable exercise tests demonstrated markedly ischemic responses with a minimum of 2 mm R-ST depression. Additionally, four patients taking daily digitalis medication had markedly ischemic exercise tests, although interpretation is somewhat obscured by the glycoside. Exercise tests were not performed in 21 patients: 12 were taking cardiac glycosides, two had angina decubitus with marked ST depression, one had osteoarthritis and could not repeatedly climb two steps, one was in cardiogenic shock at the time of study, and the reasons the tests were not administered could not be determined in the remaining five patients.
Coronary Arteriography
In 60% of the patients in our series, the diameter of the main LCA was narrowed by more than 75%, while 26% had either a total or subtotal (' 90%) occlusion (table 1). Six patients had isolated obstructive disease of the main LCA. In two of these patients, the diagnosis of coronary atherosclerosis was made at the time of coronary revascularization surgery, while in two others the presence of luminal irregularities in other coronary vessels makes the likelihood of atherosclerotic disease very strong. However, the diagnosis remains uncertain in two young females with normal serum lipids and no evident disease of the other coronary vessels.Fourteen patients had additional obstructive lesions only in branches of the LCA. Four had discrete lesions of only the main LCA and right coronary artery, whereas the remaining 49 patients had more diffuse coronary atheroselerosis involving the right as well as left branches.
Collateral vessels were not visualized in 24 of 73 patients in our series. Four patients had both R--L and L-R collateral channels. In the remaining patients, the direction of collateral flow depended on whether the most significant obstruction was in the right or left coronary artery. Fourteen of 19 with subtotal or total main LCA lesions had R-+L collateral vessels, while those with L-11 collaterals had lesions of at least 90% of the proximal right coronary artery and only moderate stenosis (.50, <75%) of the main LCA.
Left Ventriculography
Left ventricular dynamic anatomy was carefully analyzed in the 68 patients who had left ventriculography (table 1) . The systolic contraction pattern was considered to be normal in 25 patients,'9 although three had abnormal relaxation sequences.20 Only five of these 25 patients had total or subtotal occlusion of the main LCA. Forty-three patients had left ventricular asynergy. Of these, 14 had dyskinetic wall segments, while the remaining 29 had either hypokinesis or akinesis of at least one surface of the left ventricle. Despite the abnormal contraction pattern, 32 of these 43 patients had left ventricular ejection fractions in the normal range (> 0.50),21 and only four patients had very poor ventricular function, with ejection fractions less than or equal to 35%. Hence, 57 of 68 patients with documented main LCA disease had a normal ejection fraction.
Follow-up Data (tables 2-4)
Follow-up is complete except for one patient. This patient was part of the original group of 32 and had been treated medically. Contact was lost 37 months after the initial diagnosis of main LCA obstruction had been made. The fate of the 73 patients is diagrammatically presented in table 2. In the 41 patients studied during the 21/2 years since our first report,1 there has been only one death related to the catheterization procedure. This patient died of a myocardial infarction 12 hours after completion of the study. This contrasts significantly with our earlier experience of five deaths in 32 patients.
Of the patients surviving the catheterization procedure, 19 had no surgery (table 3) and have been treated only with coronary vasodilators and betaadrenergic blockers. Seven of these patients were not offered surgery because at that time only internal mammary artery implants were being used for myocardial revascularization and the risk of this surgery in patients with main LCA obstruction was considered prohibitive. Recommendation for revascularization was not accepted by either the patient or his referring physician in five instances. Two additional patients accepted the recommendation but died while awaiting elective surgery. The remaining five patients were rejected for saphenous vein bypass graft surgery because of high risk or limited chance of successful revascularization: two patients had very poor ventricular function (ejection fraction . 35%), two had very poor distal vessels, and the remaining patient was thought to be too old (75 yrs).
The fate of 18 of the 19 patients treated medically is known. Two-thirds, including the two patients with markedly depressed ejection fractions, died an average of 17.3 months after the initial angiographic tDied of complications related to surgery but cause of death was not cardiovascular in nature. §Refers to interval after surgery which followed the catherization procedure by 1 week to 5 months. Abbreviations: BIMI = bilateral internal mammary artery implantation; SVBG = saphenous vein bypass graft; see table 1 for others. diagnosis. Excluding the two patients with poor ventricular function, the risk of dying for the 17 medically-treated patients was 43.6% by 24 months, 51. 1% after 36 months, and 70.6% by 42 months ( fig. 2 and Appendix). The six survivors have been followed an average of 37.5 months. Only one is relatively asymptomatic; and he has survived almost seven years after the initial diagnosis of main LCA disease was made. He experiences infrequent exertional angina and is able to participate in sports events. The others have more frequent episodes of angina pectoris, and three have retired because of inability to perform their usual duties. The other two patients remain gainfully employed, but admit they are unable to perform any prolonged manual labor or physical exertion. Only one of the surviving patients with main LCA obstruction managed medically has been hospitalized for a probable myocardial infarction.
Our surgical mortality rate has improved over the past 21/2 years. Whereas our early experience with 17 patients referred for revascularization (both internal mammary artery implant and saphenous vein bypass graft) showed five succumbing during or shortly after the procedure (29% ),' only two of the last 32 receiving bypass grafts died during surgery (6.2%). An additional patient died four months after surgery of noncardiovascular surgical complications. Four of the five patients with successful internal mammary implant Circulation, Volume 52, August 1975 operations are long-term survivors with an average follow-up of 65 months. The fifth patient died 63 months after his operation. None of the 35 patients with a successful saphenous vein bypass graft operation has died, although the average follow-up is only 27 months and is as short as 12 months in some individuals. In the entire group of 40 patients with saphenous vein grafts, all deaths occurred in the first six months following surgery, and the risk of dying was 12.5% within this interval ( fig. 2 and Appendix). The risk of succumbing was unchanged at 42 months, and is significantly less than that for the medically treated group (P < 0.05). tIncludes the one patient dying during anesthesia and excludes one patient in whom emergency revascularization was attempted.
tAll comparisons between medical and surgical groups reveal no statistically significant diferences (P > 0.10).
Abbreviations: See table 1; SVBG = saphenous vein bypass graft; LVEDP = left ventricular end-diastolic pressure.
All four of the surviving patients with internal mammary implants and 29 of the patients with saphenous vein bypass grafts have noted a marked decrease in the frequency and severity of angina after the operation. In fact, 15 of these latter patients with saphenous vein bypass grafts consider themselves totally asymptomatic. In five of eight patients with postoperative Master's tests, a marked ischemic change before surgery either became normal ( fig. 1) or was significantly less abnormal after surgery. The remaining six of the 35 patients with saphenous vein bypass grafts are still disabled by frequently occurring chest pains. Four of these patients had initial improvement, but pain subsequently recurred. Restudy showed the saphenous vein bypass grafts to be occluded in one patient at 14 months, although all grafts were patent in the other three at the two-year follow-up study. In only one of these three patients was there evidence of possible progression of a lesion in the right coronary artery. Only three patients have Figure 2 Actuarial curves for the medical and elective surgical (saphenous cein bypass graft -SVBG) treatment ofpatients with main left coronary artery disease. At 21 months the difference in survival rates between the surgically and the medically-treated groups is statistically significant, and this continues through 42 months. The one death related to anesthesia is included in the surgical statistics. The presented curves have been constructed from the data presented in the Appendix. been hospitalized for myocardial infarction postoperatively.
Excluding the two medically-treated patients with ejection fractions less than 35%, comparison of known risk factors and hemodynamic and arteriographic findings (table 4) in the group receiving saphenous vein bypass grafts and in the group managed medically does not reveal any statistically significant differences (P > 0.10; x 2test). Mortality rates for the various hemodynamic and angiographic parameters evaluated were determined by standard actuarial methods'5 for the entire group at risk, and the probabilities of dying after one and three years of observation are presented in table 5. Although the absence of collateral vessels, the presence of an elevated left ventricular end-diastolic pressure, and an abnormal ejection fraction appear to adversely affect the mortality rate when compared to the presence of collaterals, a normal left ventricular end-diastolic pressure, and a normal ejection fraction, respectively, none of the increases in the chance of a fatal outcome associated with the former characteristics is statistically significant at either one or three years (P > 0.10). On the Circulation, Volume 52, August 1975 .
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MAIN LEFT CAD other hand, the presence of abnormal left ventricular contraction did significantly increase the risk of death at one year (P < 0.05). The high mortality rate of patients with mild stenosis of the main LCA may be related to the high proportion in this subgroup (78%) of patients with disease of all major coronary arteries (table 1) , an additional factor associated with an increased mortality in our series.
Discussion
The prevalence of main LCA disease increased from 2.5 to 8% from the first sampling period (January 1964-May 1971) to the second (June 1971-November 1973). This latter figure is comparable to that previously reported from the Cleveland Clinic.22 This increase in prevalence may have been related in part to changing patient population and improving radiographic technique. These factors may have produced a skewed series. The similarity of two-year mortality rates in the medically treated patients seen in the first 6.5 years and the total series suggests any such sampling error is reflected in the entire series and thus will not affect comparisons within the population.
There is no historical, physical, or laboratory feature which is specific for main LCA obstruction. The diagnosis may be suggested by a markedly ischemic exercise response. As in our initial report,1 81% of patients with main LCA obstruction had at least 2 mm R-ST segmental depression immediately after performing a standard double Masters test. Others2' 8, 2 have also noted marked postischemic responses in patients with similar lesions. Although this may also be seen in patients with triple vessel coronary artery disease,'8 the consistency with which it is observed in patients with main LCA disease is striking. R-ST depression of 2 mm or more has been seen in only 34% of patients with coronary artery disease, most commonly in those with obstructive lesions in all three major coronary artery branches. 18 Furthermore, a recent report suggests that in patients with significant three-vessel involvement, the additional presence of a main LCA lesion significantly increases the likelihood of a positive exercise test and at a lower heart rate.5 Thus, this type of response serves an important screening function. Patients with this degree of exercise-induced ischemia are meticulously observed both prior to, during, and after catheterization studies, and the cardiac surgical team is alerted.
The diagnosis of main LCA disease ultimately depends on coronary arteriography. Our initial experience before the significance of LCA lesions was recognized was marked by a 16% mortality during or shortly after cardiac catheterization.' Two recent reports describe a high mortality related to this CirculatioVn, Volume 52. August 1975 diagnosis,6' 24 whereas others claim a mortality of 2% or less.2 4, 4, 5, 8, 25 The cause of myocardial infarction or death resulting from coronary arteriography in patients with LCA disease is not apparent at necropsy examination. However, Bassan et al.26 have measured peripheral coronary pressure through the arteriography catheter positioned in the left coronary ostium and simultaneous coronary sinus blood flow. Of all the patients with coronary artery disease examined, only the one with a main LCA lesion experienced dramatic falls in both flow and pressure when the angiographic catheter was introduced into the ostium. Thus, a precarious hemodynamic situation may be temporarily, but significantly, worsened during coronary arteriography, and this may explain a high mortality in these patients.
Since our initial report we have altered the technical approach to these patients, and our catheterization mortality has declined to 2.4% (1/41).
The best initial approach is to opacify the left coronary system nonselectively in the left anterior oblique projection. Should this not be sufficient to adequately define the coronary anatomy, then the angiographic catheter is slowly and carefully advanced into the left coronary ostium and left in place only for the injection of the radioopaque dye. Examination of the left coronary system is done in two planes perpendicular to each other. The newer halfaxial radiographic projection minimizes foreshortening of the main LCA, and may further increase the accuracy of diagnosis of lesions of this coronary artery segment.27 Repeat injections in any given projection are avoided. Hemodynamic parameters, as well as the electrocardiogram, are meticulously scrutinized during and after the angiography, and even mild falls in pressure which are not transient are considered indications for pharmacologic support.
Twenty patients had isolated lesions of the main LCA or additional obstruction of only the distal left branches. The remaining patients had more diffuse disease which also involved the right coronary artery. When the medical and surgical groups are subdivided with reference to the presence of right coronary artery disease, the mortality rates appear similar irrespective of obstruction of this vessel. However, our groups are small. Bruschke et al. 25 have examined larger groups of medically-treated patients with main LCA disease and concluded that the presence of right coronary artery disease had little influence on the mortality of patients with main LCA disease. Thus, mortality was largely determined by the LCA obstruction. Although the risk of mortality in patients in the present series with associated obstructive disease of all three major coronary arteries is higher than that for patients with only left-sided disease (table 5), the small number of patients in the other groups does not permit one to exclude sampling errors. Thirty-seven percent of the patients studied with left ventriculography had normal ventricular contraction patterns. Of the remaining 63%, only four had markedly depressed ventricular function. In two patients this abnormal function excluded them from consideration for surgery. Of the remaining two, one died during the cardiac catheterization procedure and the other during emergency revascularization surgery for refractory cardiogenic shock following acute myocardial infaretion. It is possible that the combination of a significant main LCA lesion and poor ventricular function is incompatible with long-term survival and that in fact most of these patients do not live long enough to undergo cardiovascular evaluation. An abnormal ventricular contraction pattern alone was associated with a significantly increased risk of dying in our patients (table 5) .
The occurrence of the intermediate syndrome or frank myocardial infarction is not common in these patients with main LCA lesions despite the large amount of jeopardized myocardium. Of the reported patients with the intermediate syndrome, 11 .5% have had LCA lesions.28`30 This frequency is only slightly greater than the above-noted incidence of main LCA disease in the general population. Only one of the surviving patients managed medically has been hospitalized for a probable myocardial infarction in the period following angiographic demonstration of LCA obstruction. The frequency of recurrent myocar-dial infarction is much less than that expected from population studies,3' and may be due to the fact that infarction often leads to death before hospitalization is possible.
Medical treatment of ten of the original 32 patients was associated with a mortality of 50% during the first two years of follow-up.' The present expanded series contains an additional nine patients who did not undergo surgical revascularization. Of the total group of 19 patients, 14 were considered to be suitable candidates for saphenous vein bypass surgery, but did not undergo operation (table 3) . The chance of a successful surgical outcome was considered too low in the remaining five patients, and they were therefore treated medically. However, rejection as a surgical candidate and consignment to the medically-treated group is not necessarily an indication that the latter is weighted with high risk patients. Of the five patients not accepted for surgery, only two, those with markedly depressed ejection fractions, may be expected to have a decreased likelihood of prolonged survival. The other three patients were rejected largely because of the poor chance of a successful surgical result rather than an anticipated higher surgical mortality. Advanced age and atheroselerotic distal vessels have not, to our knowledge, been identified as independent factors which themselves influence cardiac mortality in patients with coronary artery disease. Therefore, assignment of these patients to the medical group need not necessarily produce skewed results. It is interesting to note that Talano and co-workers9 The incidence of an elevated left ventricular enddiastolic pressure, multiple coronary artery involvement, and absence of collateral vessels is slightly greater in the 17 medically-treated patients than the surgical candidates (table 4) . However, there is no statistically significant difference in the observed risk factors between these two groups (P > 0.10). Therefore, the 17 medically-treated patients and the group of patients receiving saphenous vein grafts are comparable. However, because of the small size of some of the medical subdivisions and our inability to totally exclude sampling errors, it is possible that some subgroups within the medically treated group may not be representative of the total population of medicallytreated patients.
After excluding the two patients with depressed ventricular function, the survival statistics of the group of 17 medical patients, if anything, give a falsely optimistic impression of the long-term outcome; exclusion of the two patients with depressed ventricular function decreases the cumulative risk of mortality. The risk of dying is 23.6% during the first year of observation, 43.6% by two years, and 70.6% at three and one-half years (fig. 2 ). When all medicallytreated patients are considered, 47% are dead in two years. The Cleveland Clinic group has reported comparable risks for similar patients:25 30% risk of mortality by one year and 54% after three years. Crochet et al. have noted a yearly mortality rate of 15.2%.'2 Kisslo et al. have described a one-year mortality of 25% in patients with three-vessel disease complicated by significant main LCA obstruction.5 Recently Talano et al. have reported that 53% of their medically-treated patients died within the first year after diagnostic coronary angiography.9 Thus medical therapy of these patients appears to be associated with formidable mortality rates.
Surgical treatment has brightened the outlook for patients with main LCA disease. Our total experience with bypass surgery reveals a 12.5% probability of dying by one year (fig. 2 ). All deaths occurred within the first six months of observation. Therefore, the likelihood of dying is still 12.5% after three and one-half years (fig. 2 ). This experience is comparable to that of the Cleveland Clinic4 and Milwaukee7 series, but significantly better than other reported series.5' 8, 9wB eyond the initial 21-month period, the differences between the survival rates of the medical and surgical groups is statistically significant. Talano et al. compared the mortality rate of their medically and surgically-treated patients and documented a significantly higher survival in the latter.9 Two other Circulation, Volume 52, August 1975 groups have also reported better survival statistics in surgically-managed patients, although the differences did not reach statistical significance.1, 12 Analysis of the medical and surgical patients in this study has been partly retrospective and partly prospective. The only criterion for admission to the study group was a significant lesion of the main LCA, and the decision to apply medical or surgical therapy was dependent upon accompanying hemodynamic and angiographic parameters. The superiority of one form of management over another can be definitively decided only by a clinical study with random allocation of comparable patients to medical and surgical groups. The lack of randomization of the patients in our study obviously weakens the strength of our findings. However, we believe that comparison of the patients in our medical and surgical groups is valid, and that the derived mortality rates can furnish the preliminary basis for therapeutic decisions until a controlled trial is undertaken.
Our surgical survival rate has improved as the use of indirect vascularization procedures has been replaced by direct approaches. Of the 39 elective saphenous vein bypass graft operations, there have been three perioperative deaths and one late in-hospital death. However, none of those surviving the postoperative period has succumbed during the follow-up period, which ranges from 12 to 57 months. The surgical patients with the longest survival to date are those with internal mammary artery implants. Four of five patients with this operation are still living, and the fifth died after 63 months. Thus, this operation appears to have had a salutary effect in these patients, and may be expected to be successful if the patient can survive the hazards of the early postoperative period during which the new blood source is being established.
In addition to longer survival, surgical treatment has improved the lives of the operated patients. Eighty-five percent have been able to return to gainful employment, and 39% consider themselves asymptomatic. The incidence of myocardial infarction is slightly less than the expected 5%/year.3' Six patients with saphenous vein bypass grafts were either not improved by the operation or had recurrence of symptoms shortly after the operation. Angiographic studies performed at a two-year interval follow-up in three of these patients and at 14 months in the fourth demonstrated occluded grafts in only one case. The etiology of the symptoms could not definitely be explained in the other three patients, although progressive occlusion of a pre-existing hemodynamically insignificant lesion in the right coronary artery was considered possible in one. At least two patients now have normal responses to exercise (fig. 1 ), and three others show less marked ischemic changes at similar heart rates when compared to the preoperative study.
Our recent experience with patients with obstructive lesions of the main LCA confirms and emphasizes the conciusions noted in our initial report. The lesion is associated with a formidable mortality. However, both mortality and morbidity may be significantly decreased by direct coronary revascularization surgery. Even though a positive exercise test is not specific, the presence of marked ST-segment depression during an exercise test should alert the clinician to the possibility that main LCA disease exists. In these patients coronary angiography may be performed safely if care is taken with introduction of the catheter into the left coronary ostium and if the procedure is brief. We believe that patients suspected of having main LCA disease deserve prompt evaluation and subsequent surgery without delay if the lesion is confirmed by coronary arteriography. Circulation, Volume 52, August 1975
